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(57) Abstract 

Means (1) for dialysis comprising a dialysis unit (1 1) which receives inputs of programmable machine parameters (D), a 
group of sensors (12) for measuring the patient parameters (?) which have to be monitor^ and a control unit (13) of the adap- 
tive type which causes these patient parameters to vary in a predetermined desired way (Yd) is described. The desired changes 
are specified by the operator at the start of the session and can be modified during its course via a system-operator interface 
(14) which allows the operator to monitor the system completely. The control unit (13) is based on a mathematical model of 
the patient-dialysis unit system (5), for which the inputs are the machine parameters (D) and whose outputs are the patient 
parameters (Y) and it consists of an estimator (31) which estimates the parameters (K) in the model and a controller (32) 



s the vector (U)£f, the 
the desired patient parameters (V 



to be passed to the dialysis unit (11) on the basis of 
and estimated patient parameters (K). 
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METHOD AND MEANS FOR DIALYSIS 

5 

This invention relates to a method and means for dialysis. 

It is known that in order to avoid the adverse effects which 
frequently arise in patients subjected to haemodialysis treatment, in 

10 particular hypotension while dialysis is in progress, it is desirable to 
monitor the patienfs blood volume measured from the percentage 
change in plasma volume (hereafter also indicated by the abbrevation 
CPV) in comparison with the start of the session. A parameter which 
can represent the patienfs welibeing satisfactorily is systolic 

15 arterial pressure, which is known to be correlated with the CPV. 

In this respect see for example Figure 1 which shows the percentage 
change in plasma volume (CPV, as a continuous line) and systolic 
arterial pressure (P, as a dashed line) during a dialysis session 

20 marked by the occurrence of severe hypotension at approximately 
time t - 170 min. As will be noted this is marked by an appreciable 
fall in CPV at the instant of collapse, in comparison with the start of 
the session (over 20%). and by a fast fall in this parameter (as will 
be seen from the strongly negative slope of the curve) during a time 

25 interval of approximately 1 hour prior to the hypotension, up to the 
moment of its occurrence. 

Various systems for measuring changes in plasma volume which are 
applied in a variety of contexts are currently known. In the field of 

30 dialysis, equipment is also available which can vary certain machine 
parameters of clinical significance in the course of a session, such 
as for example the rate of weight loss and the osmolarity of the 
dialysing solution. These machines make it possible for the operator 
to define certain profiles before starting a dialysis session and then 

35 to administer treatment in such a way that the parameters in 
question adopt the values specified by the profile at various points in 
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time. In all cases these parameters relate to the machine and as any 
further information is lacking the operator is unable to know the 
effect of any change in these on the patient, and in particular on his 
physiological parameters. 

Systems which monitor some patient parameters are described for 
example in patent applications EP-A-29 793 and EP-A-89 003. In 
particular patent EP-A-29 793 in the name of Thomasset describes a 
system comprising a blood impedance measuring device and a device 
10 which infuses amounts of sodium chloride into the patient when the 
measured impedance value departs from a predetermined threshold. 
This system provides simple feedback of the on-off type which is 
hardly effective from the clinical point of view. 

15 Patient EP-A-89 003 in the name of K. K. Toyota Chuo Kenkyusho 
instead describes a device based on a fundamental direct control 
system which causes the blood volume to follow a profile which is 
predetermined at the start of treatment on the basis of the patienfs 
condition. In this known system the haematocrit is measured to 

20 obtain the changes in blood volume. However it has been shown that 
measurement of the haematocrit does not make it possible to 
determine changes in blood volume, as the hypothesis on which the 
mutual relationship between haematocrit and changes in blood 
volume. i.e. the hypothesis of constant total cell volume, is based, is 

25 rarely confirmed. In any event the proposed type of monitoring is 
poorly adapted for application to a whole population of patients or to 
different sessions with a given patient, or even to different times 
within a given session, as it does not take any account of individual 
reactions to treatment, which are not only generally different from 

30 patient to patient but can also vary in the same individual at 
different times. 

Also this patent does not take into account the constraints to which 
manipulation of the machine parameters is subjected. For theses 
35 reasons the system described is poorly effective in situations where 



SUBSTITUTE SHEET 



WO 93/00938 



PCT/EP92/01498 



3 

significant changes occur in the behaviour of the patient in the 
course of dialysis. 

The object of this invention is to provide a method and means of 
5 dialysis which is capable of increasing the patient's wellbeing by 
reducing undesirable side effects to a minimum, and of achieving at 
least the same effectiveness as traditional treatment, achieving the 
cleansing objectives normally sought (e.g. monitoring weight loss and 
sodium removal). 

10 

This invention provides a dialysis system comprising a dialysis unit 
which is connected in use to a patient who is being subjected to 
dialysis treatment, a memory for storing desired values, which can 
vary in the course of time, of a patient parameter, at least one sensor 

15 for measuring the effective values of this patient parameter and a 
control section connected to the said memory and to the said sensor 
to receive the said actual and desired values of the said patient 
parameter, the said control section being capable of determining the 
value of at least one machine parameter supplied to the said dialysis 

20 unit to cause a said patient parameter to adopt the said desired 
values, characterised in that the said control section comprises an 
adaptive controller comprising estimator means capable of 
estimating the value of patient parameters correlated with the 
patient's response to dialysis treatment and monitoring means 

25 capable of determining the value of the said at least one machine 
parameter on the basis of the estimated value of the said patient 
parameters. 

The invention also relates to a method of dialysis by means of a 
30 dialysis unit which is connected in use to a patient who is subjected 
to dialysis treatment comprising the stages of : storing desired 
values, which can change in the course of time, of a patient 
parameter in memory, measuring the actual values of the said patient 
parameter and monitoring the operation of the said dialysis unit by 
35 means of at least one machine parameter to cause the said patient 
parameter to adopt the said desired values, characterised in that the 
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said stage of monitoring function incorporates monitoring of the 
adaptive type which includes estimation of the value of the patient 
parameters correlated with the patient's response to treatment and 
monitoring of the said machine parameter on the" basis of the 
5 estimated value of the said patient parameters. 

In practice this system can monitor a parameter which is extremely 
important to the wellbeing of the patient, such as the relative 
(percentage) change in plasma volume, via a feedback mechanism 

1 0 between the dialysis unit and the patient. In other words this system 
evaluates the patient's response moment by moment to stresses 
imposed by the dialysis unit and adjusts control on the basis of this 
knowledge. This feedback control is based on a mathematical model 
of the dialysis unit-patient system. Once the structure of this model 

1 5 has been defined (for example by means of a linear model described in 
the state memory), the model is completely individualised by values 
of its parameters which in general vary in the course of time (time 
variable model). These parameters describe the patient's response to 
dialysis treatment in a quantitative way, and a knowledge of their 

20 instantaneous values provides valuable information to the clinical 
operator. 

For a better undestanding of this invention a preferred embodiment 
will now be described purely by way of a non-restrictive example 
25 with reference to the appended drawings in wich : 

- Figure 1 shows the measured changes in the course of time of 
two parameters correlated with the wellbeing of a patient 
subjected to haemodialysis in the course of a session, 

30 

- Figure 2 shows a block diagram of the system according to this 
invention, 

- Figure 3 shows a flow diagram corresponding to the algorithm 
3 5 used by the system in Figure 2 and, 
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- Figures 4 - 7 show the changes in time in the mean values and 
the standard deviations of the said two parameters in Figure 1, 
for a series of treatments of the traditionai type and a series of 
treatments controlled according to the invention respectively 
5 for a particular patient. 

With reference to Figure 2, the dialysis system according to the 
invention is indicated as a whole by the numeral 1. System 1 
comprises a dialysis unit 1 ^receiving as an input programmable 

0 machine parameters (vector U), a group of sensors 12 for measuring 
the patient parameters which have to be monitored (vector Y), a 
control unit J 3 of the adaptive type which by acting on the machine 
parameter U which_ this provides to dialysis unit 11 causes the 
patient parameters Y to undergo desired changes (vectors T D ) which 

5 are predetermined by an operator through a system-operator 
interface 14 and stored in a memory 15. 

System 1 as a whole operates in a discrete manner, i.e. the actual 
patient parameters Y_and the desired patient parameters Yd and the 
machine parameters U are monitored at predetermined time intervals 
and therefore define vectors Y lf Y D1 , and Uj for each control cycle. 
This time interval between one cycle and the next, called the 
sampling interval T„ is for example equal to 30 s. 

In a known way dialysis unit 11, which is substantially of the 
traditional type, is connected to the patient's circulatory system, 
indicated diagrammatically by block 20 in Figure 2, via a pair of 
lines 21 and 22, which leave and enter the dialysis unit respectively. 
From the point of view of the adaptive control applied via control 
unit 13, dialysis unit 11 and patient 20 form a unit 5, and the 
connection between this and sensor group 12 is shown 
diagrammatically by arrow 18. 

In the embodiments illustrated, the machine parameters provided as 
inputs to dialysis unit 11 from control unit 13 via line 40 are three 
in number and include the rate of weight loss, subsequently also 
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indicated by RWL, the osmolarity of the dialysing solution, indicated 
by ODS, and the rate of infusion RIN. 

As will be seen from Figure 2, sensor group 12 Includes three 
5 sensors, specifically : a first sensor 25 to measure the percentage 
change in plasma volume CPV, a second sensor 26 to measure total 
weight loss TWL (difference in the patient's weight) at the instant in 
question, and a third sensor 27 to measure total sodium removal TSR 
up to the instant in question. These parameters CPV, TWL and TSR 

10 determine the patient parameters provided as inputs to control unit 
13 via line 28. In detail second sensor 26 for calculating the total 
weight loss is of a known type and may be incorporated in dialysis 
unit 11. Third sensor 27 calculates total sodium removal, e.g. by 
measuring the sodium concentrations entering and leaving the 

15 dialysis unit and measuring the dialysing flow. First sensor 25 for 
measuring CPV consists of e.g. a suitable sensor which is located in 
the extracorporeal blood circulation line at the outlet from dialysis 
unit 11 and measures the infra red radiation absorption due to blood 
by means of optical devices (e.g. in the manner described in european 

20 patent application A-0467804 filed on 15.7.91 in the name of the 
same applicant), determines the haemoglobin (Hb) concentration from 
this absorption using a stored transfer characteristic (as described 
in the aforesaid european application), automatically determines a 
zero point at the start of the dialysis represented by a certain 

25 haemoglobin concentration value (Hb 0 ) and a null value for the 
percentage change in plasma volume, and determines the value of CPV 
from one instant to another on the basis of the following equation : 

CPV - 100 x (Hbo/Hb - 1) (1) 
30 In fact, if PV is the absolute value of the plasma volume, Q is the 
quantity of haemoglobin and PV 0 , Qo are the values of these 
parameters at the time zero, then : 
Hb - Q/PV 
Hbo -Qo/PVo 
35 CPV - 100 x (PV - PVo)/PV 0 

- 100 x p/Qo) x (Hbo/Hb) - 1] 
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On the assumption, which is in practice true while dialysis is in 
progress, that the amount of haemoglobin remains constant, that is 
Q - Qo, equation (1) is obtained from the last line. 

5 Control unit 13 is connected via a line 29 to__system-operator 
interface 14 so it can read the desired values Y D of the patient 
parameters, input the functional status (manual or automatic or 
session interruption), and input the sampling time T„ the session 
time T, the final weight loss FWL, the final sodium removal FSR and 

10 all the machine parameters which are characteristic of conventional 
dialysis. Control unit 13 is also connected via a line 30 to memory 15 
which exchanges the date necessary for their calculation and the 
results of the calculations. The two lines 29 and 30 are shown 
separately purely for the purpose of illustrating the method 

15 described here, which presupposes that the desired profiles are 
defined, while in practice these form a single connection. 

In detail control unit 13 comprises an estimator 31 and a controller 
32, both forming an adaptive controller and shown separately purely 
20 for the purposes of illustration, but in general represented in 
practice by a single component. 

Estimator 31, which is based on a mathematical model describing the 
patient-dialysis unit system_5 as an isolated system with three 

25 inputs (machine parameters 0)'and three outputs (patient parameters 
Y), calculates the instantaneous values of the patient parameters "K 
which are correlated with the patient's response to dialysis 
treatment at any given moment (i.e. the parameters of the 
mathematical model of the patient-dialysis unit system 5), as will 

30 be described in detail below. 

The patient parameters obtained in this way are passed along a line 
41 from estimator 31 to controller 32 whose function is to 
determine the present value of machine parameters U (RWL, ODS and 
35 RIN) on the basis of the state provided by system interface 14. 
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In particular, if the operator has requested conventional (manual) 
operation, controller 32 calculates constant values for the machine 
parameters, while if the operator has requested automatic 
(controlled) operation controller 32 calculates these values on the 
5 basis of a predetermined control relationship using the patient 
parameters K first calculated, as indicated in greater detail below. 
In any event controller 32 provides the instantaneous values of RWL, 
ODS, RIN as an output to dialysis unit 11 via line 40. 

10 System-operator interface 14 is used for dialogue with the operator, 
for example via a keyboard 45, connected to interface 14 by a line 46 
which enters the latter and a screen 47 which is connected to 
interface 14 by a line 47 which leaves the latter. Interface 14 is also 
connected to memory 15 for storing all relevant data for correct 

15 operation of the system. Interface 14 can therefore be used to input 
and store the desired profile Y D for the patient parameters, provides 
control unit 13 with the necessary date and information at various 
times during the dialysis session, causes all information which is 
useful to the operator for evaluation of the session to be stored and 

20 displayed (instantaneous value of all variables in question) and can 
change the method of operation of the system (manual, automatic or 
end of session) at any time. 

System 1 operates in the manner described below with reference to 
25 Figure 3 which describes the sequence of stages in a dialysis 
session. 

In detail the session begins (block 50) with input of the jtesired 
profiles for the patient parameters by means of vector Yd, the 

30 session length T. the sampling time T,, initial state of the system S, 
the initial values of the parameters of patient-dialysis unit system 
5 and vector KjJ. Theses values may relate to an average patient 
defined in a conventional way, or better, they may result from an 
analysis of the average initial behaviour of the particular patient in 

35 previous sessions. The system also obtains the final weight loss 
FWL, the final sodium removal FSR and the parameters used in 
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conventional dialysis (e.g. the temperature of the dialysing fluid). 
Subsequently (block 52) cycle counter i is initialised and the system 
awaits the session start command provided by the operator, e.g. by 
pressing a specific key on keyboard 45 (block 53). -As soon as it 
5 receives the start command, control unit 13 begins the dialysis 
proper. 

The dialysis treatment begins (block 54) with a check on the type of 
monitoring required, i.e. whether the setting is to manual (M) or 

1 0 automatic (A). This is because the operator can decide at any time to 
abandon automatic control and change over to manual control 
operating dialysis unit 11 in the conventional way and vice versa. If 
manual control is set (NO output from block 54) then block 55 comes 
into play which means controller 32 sets constant values for the 

15 machine parameters RWL, ODS and RIN, which are calculated taking 
past history into account. Then theses values which define a vector Oj 
are provided to dialysis unit 11 via line 40 (block 56). Then (block 
57) controller 32 increments the cycle counter, and (block 58) checks 
that the session time has not reached termination (t-T) and that the 

20 operator has not requested an end to the session (S-E), and If this is 
not the case (NO output) it returns to block 54, checking the type of 
control required. 

Vice versa, if automatic control is set (S-A), block 54 is followed by 
25 a block 60 in which a check is made to see whether the time interval 
specified between one cycle and the next has elapsed. If this is not 
the case (NO output from block 60) the system returns to block 54, 
but if the specified time has elapsed it passes from block 60 to block 
61 relating to the stages of adaptive control in which estimator 31 
30 and controller 32 calculate vector Ui for the current controlled 
values of the machine parameters. 

In particular, in the generic_ cycle i, to begin with (block 61) 
estimator 31 receives vector Y| which includes the values of patient 
3 5 parameters RWLi, TWLi, TSR ( measured by sensors 25-27 at that 
moment, and then (block 62) estimator 31 calculates the existing 
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value of the model parameters vector K|. To do this it uses a 
mathematical model of the patient-dialysis unit system 5, which is 
for example of the linear type characterised by parameters which are 
not known or which are variable in the course of time. One example of 
a mathematical model used, described in the state memory is as 
follows : 



10 



25 



30 



X-A 
Y-C 



•X+B*U 
X 



with U the vector for the inputs (machine parameters), Y the vector 
for the outputs (patient parameters), and 



k1 0 k2 
0 0 0 
k3 0 k4 



k5 k6 -k5 
1 0-1 
k7 k8 b33 



C-1 



where b33 is a known term which depends on the type of solution 
used for infusion, k1-k8 are unknown parameters, whichjjenerally 
vary with time, and which constitute the vector Kj for the 
parameters calculated by the estimator for each cycle. 

Estimator 31 is a least squares estimator which determines the 
value of parameters k1-k8 which minimise a cost function 
represented by the sum of the squares of the errors of the patient 
parameters, i.e. the squares of the differences between the actual 
values (measured by sensors 25-27) of the patient's parameters at 
various instants and the value predicted by the model for the actual 
sequence of inputs (machine parameters), for each cycle i using 
known algorithms. 

After parameters k1-k8 have been calculated, there then follows 
block 63 in which controller 32, starting from the desired values Y D 
and the estimated patient parameters K determines the present 
values UT of the machine parameters which will make it possible to 
obtain the desired profile Y D for the patient parameters in 
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accordance with a control relationship set by the controller itself. 
Example, controller 32 may consists of an LQR (Linear Quadratic 
Regulator) controller as described in the book by M. Tibaldi 
"Controlli automatici II", Pitagora Editrice, 1989. This controller is 
5 characterised in that it presupposes a linear model for the system 
under control (patient-dialysis unit system 5) and yields a cost 
function of the quadratic type which the control relationship 
minimises. From block 63 it then passes to blocks 56-58, which have 
already been described, which control dialysis unit 11, the counter 
1 0 increment and the check to establish whether the session has been 
ended. The stages described are then repeated until the end of the 
session (YES* output from block 58), after which treatment is 
interrupted. 

15 The main advantage which can be obtained using the system 
according to this invention is due to the fact that this system 
effectively makes it possible to reduce the side effects which 
frequently arise during haemodialysis treatment without 
simultaneously reducing the effectiveness of the treatment. This is 

20 achieved by means of a feedback control which takes note of the 
behaviour of the individual patient at an individual instant during 
treatment, describing the patient-dialysis unit system using a model 
with parameters which vary in time so that the most significant 
patient parameters, such as the percentage change in plasma volume 
25 and therefore the patienfs arterial pressure, can be controlled. 

In this respect, as a demonstration of the effectiveness of the 
dialysis system according to this invention, reference should be 
made fo Figures 4 and 5, for example, which show the mean changes 

30 and the standard deviations for the CPV and systolic arterial 
pressure respectively during five conventional dialysis sessions 
involving the same critical patient. The appreciable scatter in the 
percentage change in plasma volume CPV resulting from the 
existence of sudden falls in that parameter and subsequent increases 

35 due to the infusion of physiological saline (one of the most common 
therapeutical measures following hypotension) is clear in Figure 4. 
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Conversely the fall in pressure leading to hypotension (pressure 
below 80 mm Hg) and the scatter of the pressure curve for the 
infusions carried out can clearly be seen in Figure 5. Figures 6 and 7 
on the other hand show the change in the mean and standard deviation 
5 for the same parameters as in Figures 4 and 5 for the same patient 
when subjected to five automatic dialyses in accordance with the 
disclosures of this invention. These figures clearly show how the 
patient's wellbeing, i.e. increased stability of arterial pressure, is 
obtained through controlling the percentage change in plasma volume 
1 0 (reduced scatter with respect to the desired value along the line). 

Another advantage of this system lies in the fact that the patients 
physiological response to dialysis treatment can be monitored with 
the parameters of the model of system 5 being quantified through the 
15 estimator. This information is of undoubted clinical interest merely 
for the supervision of a session, whether conventional or automatic. 

Finally it is clear that modifications and variants may be made to the 
method and means described and illustrated here without thereby 

20 going beyond the scope of the protection provided by this invention. 
In particular it is emphasised that the model, the estimator and the 
controller may differ from those described. Also the system is 
suitable for controlling a variety of different clinical situations. In 
fact there is one category of patients in which the desired profile for 

25 changes in plasma volume can be obtained through suitable 
manipulation of the machine parameter RWL alone ; in this case the 
patient-dialysis unit system is reduced to a system with one input 
and one output, with a consequent reduction in the number of 
parameters which have to be determined and corresponding 

30 simplification of the estimator and the controller. For other 
categories of patients it is on the other hand necessary to make 
appropriate adjustments to the three machine parameters RWL, ODS 
and RIN, introducing constraints on such adjustments (e.g. the 
integral of the RWL must be equal to the patient's weight loss). In 

35 this case the system is one having three inputs, one output and 
constraints, and this has the advantage of being suitable for a larger 
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number of patients and ensuring greater effectiveness for the 
treatment, particularly in terms of session times. Maximum 
effectiveness is however obtained by using the complete system 
with three inputs and three outputs described above, aithrough at the 
5 expense of greater complexity. 
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CLAIMS 

1. A dialysis system comprising a dialysis unit (11) which is 
connected when in use to a patient subjected to_ dialysis 

5 treatment, a memory (15) for storing desired values (Yd), which 
vary in the course of time, of a patient parameter, at least one 
sensor (25) for measuring the actual values (Y) of the said 
patient parameter and a control unit (13) connected to the said 
memory (15) and to the said sensor {2S)_ to receive the said 

10 actual values (Y) and desired values (Y D ) of the said patient 
parameter, the said control unit (13) being capable of 
determining the value (U) of at least one machine parameter 
passed to the said dialysis unit (11) to control the said patient 
parameter, characterised in that the said control unit (13) forms 

15 an adaptive controller comprising estimating means_(31) capable 
of estimating the value of patient parameters (K) correlating 
with the patient's response to dialysis treatment and control 
means (32) for determining the value (U) of the said at least one 
machine parameter on the_ basis of the estimated values of the 

20 said patient parameters (K). 

2. A dialysis system according to claim 1, characterised in that the 
said estimator means (31) comprise means (62) which are 
capable of estimating the values of the said patient parameters 

25 (K), at predetermined points in time, the latter representing the 
coefficients in a predetermined mathematical model which has 
as an input the said machine parameter (U) and as an output the 
said patient parameter (Y). 

30 3. A dialysis system according to claim 2, characterised in that the 
said model is a linear model with parameters (K) which vary in 
the course of time. 

4. A dialysis system according to claims 2 or 3, characterised in 
35 that the said estimating means (31) are capable of minimising an 
error function between the said actual value (Y) and a preset 
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value of the said patient parameter obtained oh the basis of the 
said mathematical model. 

5. A dialysis system according to claim 4, characterised in that the 
said estimator means (31) consist of a least squares estimator 
acting on a sequence of errors. 



10 



7. 



A dialysis system according to one of the foregoing claims, 
characterised in that the said controller means (32) comprises 
means (63) capable of determining a controlled value (U) of the 
said machine_ parameter on the basis of the said patient 
parameters (K) and the said desired values (Yd") of the said 
patient parameter. 

A dialysis system according to claim 6, characterised in that the 
said controller means (32) consist of a quadratic linear 
controller. 



8. A dialysis system according to one of the foregoing claims, 
20 characterised in that the said patient parameter consists of the 

relative change in plasma volume (CPV). 

9. A dialysis system according to one of the foregoing claims, 
characterised in that the said machine parameter consists of the 

25 rate of weight loss (RWL). 

10. A dialysis system according to claim 9, characterised in that the 
said control unit (13) is capable of generating a further two 
machine parameters including the osmolarity of the dialysing 

30 solution (ODS) and the rate of infusion (RIN). 

11. A dialysis system according to one of the foregoing claims, 
characterised in that the said at least one sensor (25) includes 
measurement means capable of measuring the haemoglobin 

35 concentration in blood. 
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12. A dialysis system according to claim 11, characterised in that 
the said measurement means incorporate an optical device for 
measuring the absorption of infra red radiations. 

5 13. A dialysis system according to claim 11 or 12, characterised in 
that it comprises means capable of calculating the change in 
plasma volume CPV on the basis of the equation : 
CPV - 100 x (Hbo/Hb - 1), 

10 in which Hb is the haemoglobin concentration at the moment in 
question and Hb 0 is the haemoglobin concentration at the start of 
treatment. 

14. A dialysis system according to one of claims 10 to 13, 
15 characterised in that it comprises a second sensor (26) capable 

of measuring actual values of total weight loss (TWL) and a third 
sensor (27) capable of measuring actual values of total sodium 
removal (TSR), the said second and third sensors being connected 
to the said control unit (13) for determining the values (U) of the 
20 said machine parameters. 

15. A dialysis system according to claim 14, characterised in that 
the said memory (15) is capable of storing desired values (Y D ) of 
the total weight loss and the total sodium removal which vary in 

25 the course of time. 

16. A dialysis system according to one of the foregoing claims, 
characterised in that it comprises means (54) capable of 
switching between the automatic setting of machine parameters 

30 (RWL, ODS, RIN) and the manual setting of these at constant 
values. 

17. A dialysis system according to one of the foregoing claims, 
characterised in that it comprises memory means (15) and a 

35 display (47) connected to the said control unit (13) for storing 
and displaying to an operator the instantaneous and mean values 
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of the said machine JU) and patient (Y) parameters and the said 
patient parameters (K) which represent the patient's response to 
dialysis treatment. 

5 18. A method of monitoring a dialysis unit (11) which is connected 
when in use to a patient subjected to dialysis treatment, 
comprising the stages of : 

- storing in memory desired values (Yd") of a patient parameter, 
which vary in the course of time,, 

1 0 - measuring actual values (Y) of the said patient parameter and, 

- controlling the operation of the said dialysis unit (11) through 
at least one machine parameter (U) to cause the said patient 
parameter to adopt the said desired values, 

characterised in that the said stage of the controlling of the 
15 operation is an adaptive control which includes the estimation 
(62) of patient parameters (K) correlating with the patient's 
response to_treatment and the control (63) of the machine 
parameter (U) on the basis of estimated values of the said 
patient parameters. 

20 

19. A method according to claim 18, characterised in that the said 
stage of estimating the patient parameters (K) comprises the 
estimation at predetermined moments in time of the values of 
the said patient parameters (K) which represent the coefficients 

25 of a predetermined mathematical model which has as an input 
the said machine parameter (U) and as an output the said patient 
parameter (Y). 

20. A method according to claim 19, characterised in that the said 
30 model is a linear model with parameters which vary in the 

course of time. 

21. A method according to claims 19 or 20, caracterised in that the 
said stage of estimating the patient parameters (K) incorporates 

35 a stage of minimising an error function between the said actual 
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value (Y) and a theoretical value of the said patient parameter 
obtained on the basis of the said mathematical model. 

22. A method according to one of claims 19 to 21, characterised in 
5 that the said stage of estimating the patient parameters is based 

on a least squares estimator (32) acting on error sequences. 

23. A method according to one of claims 18 to 22 characterised in 
that the said stage of adaptive control incorporates the stage _of 

1 0 determining a controlled value of the said machine parameter (U) 
on the basis of the said estimated patient parameters (K) and the 
said desired value (Yd) of the said patient parameter. 

24. A method according to claim 23, characterised in that the said 
15 stage of adaptive control is based on a quadratic linear 

controller. 

25. A method according to one of claims 18 to 24, characterised in 
that the said patient parameter consists of the relative change 

20 in plasma volume (CPV). 

26. A method according to one of claims 18 to 25, characterised in 
that the said machine parameter consists of the rate of weight 
loss (RWL). 

25 

27. A method according to claim 26, characterised in that it also 
incorporates a stage of determining the values of a further two 
machine parameters comprising the osmolarity of the dialysing 
solution (ODS) and the rate of infusion (RIN). 

30 

28. A method according to claim 27, characterised in that it 
comprises the stages of : measuring actual values of the total 
weight loss (TWL) and measuring actual values of the total 
sodium removal (TSR), and in that the said model is a model with 

35 three inputs (0) and three outputs (Y). 
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29. A method according to one of claims 18 to 28, characterised in 
that the said stage of measuring the actual values (Y) of a 
patient parameter includes the stage of measuring the 
haemoglobin concentration in blood. 

5 

30. A method according to claim 29, characterised in that the said 
stage of measuring the haemoglobin concentration comprises an 
optical measurement of the absorption of infrared radiation. 

10 31. A method according to one of claims 18 to 30, characterised in 
that it comprises the stages of storing in memory and displaying 
instantaneous and mean values of the said machine (U) and 
patient (Y) parameters and of the said patient parameters (K) 
which represent the patienfs response to dialysis treatment. 
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